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1
ROTOR BLADE WITH INTEGRATED
PASSIVE SURFACE FLAP

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority to co-pending German
Patent Application No. DE 10 2010 041 111.6 entitled
“Rotorblatt mit integrierter passiver Oberflachenklappe”
filed Sep. 21, 2010.

FIELD OF THE INVENTION

The invention relates to a rotor blade for a driven horizontal
rotor of a helicopter or rotary wing airplane.

A horizontal rotor is a rotor rotating in an essentially hori-
zontal plane about an essentially vertical rotation axis.

When, in the following, a horizontal rotor of a helicopter is
mentioned only, the respective statement also applies to any
other rotary wing airplane having a driven rotor, as the prob-
lem solved by the present invention is the same with all rotary
wing airplanes having a driven horizontal rotor.

BACKGROUND OF THE INVENTION

The airspeed of helicopters is inter alia limited by aerody-
namic effects at the rotor blades. Due to the superposition of
rotational speed and air speed, high flow velocities are present
on the advancing side of the horizontal rotor which if too high
can result in local shock waves at the advancing rotor blades.
On the retreating side of the horizontal rotor, the flow velocity
at the rotor blades with regard to the surrounding air is
reduced. In an inner area close to the rotor axis, the flow
velocity may even be reversed, resulting in a flow from the
trailing edge to the leading edge of the rotor blade. For the
purpose of providing equal lift distribution or ascending
forces on both sides of the horizontal rotor, despite the
strongly differing rotor blades speeds with regard to the sur-
rounding air, the incidence or angle of attack of the rotor
blades has to be increased on the retreating side and decreased
on the advancing side of the horizontal rotor. Thus, the inci-
dence of the rotor blades has to be periodically varied over
each rotation of the horizontal rotor of a helicopter flying
forward. These variations result in varying angle of attack and
may locally cause a dynamic stall. The dynamic stall causes a
short increase in lift followed by a sharp reduction or loss of
the lift. As a result, there are strong variations in the drag and
in the pitch moment of the rotor blade. This high frequency
transient aerodynamic effect results in high structural loads
on the rotor blades and the entire drive and control system of
a helicopter, which is accompanied by a strong excitation of
vibrations. A further increase of the air speed of a helicopter
is not possible without taking measures to unload its horizon-
tal rotor.

In a rotor blade for a helicopter known from DE 198 08 196
C2, amovable flap is provided at the trailing edge of the rotor
blade. The angle of the flap is actively adjustable with regard
to the remainder of the rotor blade. The flap is connected to
the main body of the rotor blade via a flexible fiber joint. By
means of the flap of this known rotor blade, it is intended to
increase the rotor performance and to simultaneously reduce
the vibration level. The connection of the flap to the main
body via the flexible fiber joint is intended to reduce the wear
in the area of the flap as compared to flaps which are con-
nected via common two-part pivot joints. The known rotor
blade having an actively operated flap is very complex as
compared to a rotor blade without flap.
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2

A rotor blade with advanced behavior with regard to stall
occurring at strongly varying angles of attack is known from
DE 10 2005 018 427 Al. Here, devices are arranged in the
area of the profile front edge (leading edge) to enhance the
behavior at increased angle of attack. These devices include at
least one passive vortex generator which is at or close to the
stagnation point of the rotor blade with low angles of attack so
that it is out of function, and which emerges out of the bound-
ary layer of an accelerated flow on the underpressure side of
the rotor blade with increased stall angles so that it starts to
operate at higher angles of attack.

Up to now, there is no system ready for serial production
for controlling the dynamic stall at rotor blades of helicopters.
The selection of the blade profile and the profile distribution
in radial direction have an influence. In this selection, how-
ever, other boundary conditions are to be met. For example, a
wide area of Mach and Reynolds numbers and of angle of
attack have to be covered. In practice, the area in which
dynamic stall occurs is up to now avoided by limiting the
overall air speed.

Experimental research in a wind tunnel has been carried
out with regard to surface flaps on airfoils of fixed wing
airplanes to evaluate the potential of these devices to suppress
the reversed flow that can occur locally on the airfoils when
the flow separates at high angles of attack (see Meyer, Robert
K. J., “Experimentelle Untersuchungen von Riickstrombrem-
sen auf Tragfliigeln zur Beeinflussung von Strémungsabld-
sungen”, Disseration TU Berlin Hermann-Féttinger-Institut
fiir Stromungsmechanik, Mensch & Buch Verlag, ISBN
3-89820-205-4).

DE 198 59 041 C1 discloses an adjustable blade profile for
a rotor blade of a rotary wing airplane. The blade profile is
adjustable about an axis running in parallel to the radial axis
of' the rotor blade. This adjustment of the entire blade profile
shall take place automatically due to variations of the lift
operating against an elastic means under the influence of the
centrifugal force on the rotor blade. This concept, however,
has not been applied in practice.

The conditions at a rotor blade of a helicopter basically
differ from the conditions at an air foil of a fixed wing air-
plane. The particularity of a helicopter is the blade velocity
with regard to the surrounding air, which strongly varies
periodically during one rotor revolution. The stall at a rotor
blade of a helicopter thus takes place within much shorter
time, and generally the stall emerges from the leading edge of
the blade profile. At fixed-wing airfoils, the stall mostly
begins at the trailing edge.

A four-bladed rotor of a helicopter of the 2,000 kg-class
(such as the helicopter EC 135), for example, rotates at a
frequency of 6.5 Hz corresponding to an angular speed of 41
rad/sec. The dynamic stall due to the variation of the angle of
attack of the rotor blade over each rotation takes place in an
azimuthal area of about 60°, which equals approximately 1
rad. This area is passed by the rotor blade within approxi-
mately 0.02 sec.

Considering a helicopter, the dynamic stall occurs at high
forward flight speeds and limits the maximum flight speed of
the helicopter. For a fixed wing airplane, stall occurs at too
low air speeds and limits the minimum air speed.

There still is a need for a rotor blade in which the negative
effects associated with dynamic stall, such as loss of lift,
increase of drag and pitching moment and thus increased
vibrations and loads and component stress, is shifted towards
higher angles of attack and thus to higher forward flight
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velocities by means of simple devices not affecting the integ-
rity of the main body of the rotor blade.

SUMMARY OF THE INVENTION

The following presents a simplified summary in order to
provide a basic understanding of one of more aspects of the
invention. This summary is not an extensive overview of the
invention, and is neither intended to identify key or critical
elements of the invention, nor to delineate the scope thereof.
Rather, the primary purpose of this summary is to present
some concepts of the invention in simplified form as a prelude
to the more detailed description that is presented later.

The present invention relates to a rotor blade for a driven
horizontal rotor of a rotary-wing airplane, which comprises
an elongated main body and at least one flap. The main body
of the rotor blade according to the invention includes a lead-
ing edge, a trailing edge, and an upper surface extending
between the leading edge and the trailing edge. The flap of the
rotor blade according to the invention has a front end and a
rear end and is mounted to the main body at its front end
swiveling about a swiveling axis running in parallel to the
radial or spanwise axis of the rotor blade. The flap has a basic
position in which it lies flat against the upper surface of the
main body. Further, the flap is designed to be passively swiv-
eled by aerodynamic forces and inertial forces about its
swivel axis to raise above the upper surface of the main body,
and the flap is swivel-mounted to the main body in such a way
that a reset force acts upon the flap to reset it into its basic
position.

Further, the present invention relates to a driven horizontal
rotor of a rotary-wing airplane comprising a plurality of rotor
blades according to the present invention as defined above.

Other features and advantages of the present invention will
become apparent to one skilled in the art upon examination of
the following drawings and the detailed description. It is
intended that all such additional features and advantages be
included herein within the scope of the present invention, is
defined by the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention can be better understood with reference to
the following drawings. The components in the drawings are
not necessarily to scale, emphasis instead being placed upon
clearly illustrating the principles of the present invention. In
the drawings, like reference numerals designate correspond-
ing parts throughout the several views.

FIG. 1 illustrates a horizontal rotor of a helicopter flying
forward and the resulting blade velocities of rotor blades of
the horizontal rotor with regard to the surrounding air.

FIG. 2 illustrates a cut through a rotor blade having three
flaps mounted to an upper surface of the main body of the
rotor blade.

FIG. 3 illustrates a cut trough the rotor blade according to
FIG. 2 with a flow which starts to separate from the rotor
blade in a downstream area of the profile of the rotor blade and
with a middle flap being raised as a result.

FIG. 4 illustrates the rotor blade according to FIGS. 2 and
3 in case of a reversed flow.

FIG. 5 illustrates a first distribution of several flaps over the
upper surface of the main body of a rotor blade; and

FIG. 6 illustrates a second distribution of several flaps over
the upper surface of the main body of a rotor blade.

In the new rotor blade, at least one flap has a basic position
in which it lies flat against the upper surface of the main body,
i.e. it is a so called surface flap. This flap may be swiveled out
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of'its basic position away from the surface of the main body
against an elastic reset force. However, the flap is not actively
swiveled away from the surface of the main body by means of
any actuator but only by forces which result from the opera-
tion of the rotor blade, i.e. by aerodynamic forces and inertial
forces. Correspondingly, it is sufficient to adjust the elastic
reset force on the flap of the new rotor blade depending on the
position, shape and dimensions of the flap. Neither any actu-
ating element for the flap nor a controller for such elements
has to be provided.

As the aerodynamic conditions at the rotor blade vary
quickly due to the rotation of the horizontal rotor, a condition
in which stall occurs is only existing for a very short time.
During this short time the physical effect of the passive sur-
face flap of the new rotor blade is to avoid an upstream
propagation of a separated flow in the rotational direction of
the horizontal rotor up to the leading edge of the rotor blade.
If'the flow separates from the rotor blade in the area of the flap,
the flap raises due to the resulting pressure difference. The
flow then still adheres to the surface upstream of the flap.
Downstream of the flap, the flow will remain separated. The
separation area, however, does not further expand in upstream
direction. Thus, it is possible to interrupt the propagation of
the separation of the flow up to the leading edge of the rotor
blade. This effect is able to shift the occurrence of dynamic
stall towards higher angles of attack. Further, the raised flap of
the rotor blade according to the present invention provides for
a flow resistance in case of a reversed flow on the rotor blade
on the retreating side of the horizontal rotor close to the rotor
axis. As the elastic reset force acts upon the flap, the flow
beneath the flap from behind produces a force vector which
both has a horizontal component driving the blade and a
vertical component in lift direction. Inertial forces which act
upon the flap with regard to the main body of the rotor blade
only raise the flap with respect to the main body of the rotor
blade when its incidence angle is increased, this equals a
rotation of the blade in clockwise direction. With a decreasing
incidence, the blade now rotating anti-clockwise, the inertial
forces on the flap lower the flap towards the surface of the
main body of the rotor blade. Thus, the inertial forces both
support raising the flap with increasing incidence of the rotor
blade and setting back the flap to the surface of the main body
of the rotor blade with decreasing incidence.

The flap of the new rotor blade may itself be made of an
elastic material which provides for the reset force against
which the flap may be raised or swiveled upwards away from
the upper surface of the main body of the rotor blade. Alter-
natively, the flap may be mounted to the main body via a pivot
joint. The elastic reset force may then be applied to the flap by
an additional elastic element. Preferable, however, the joint is
a solid body joint which also provides for the elastic reset
force.

In the direction of the profile chord of the rotor blade, the
flap may have a typical length of 10 to 30% of the profile
chord. It is essential that the flap has a certain length in this
direction so that it raises sufficiently high above the surface of
the rotor blade upon swiveling upward by a limited angle. On
the other hand, the stability of the arrangement decreases with
increasing length of the flap in the direction of the profile
chord of the rotor blade.

Several flaps may be provided one behind the other in the
direction of the profile chord of the rotor blade at the upper
surface of the rotor blade. This is of particular advantage, if
the area in which the separation of the flow from the upper
surface of the rotor blade will start and should thus be stopped
by raising a flap shifts with changing operation conditions, or
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if repeated trials of stopping a propagation of this separation
in total provide for an increased success rate.

In the direction of the radial or spanwise axis of the rotor
blade, the flaps may have a width of 15 to 30% of the length,
i.e. of the span of the rotor blade. The flaps may thus only span
over a very small area in the direction of the longitudinal axis
of the rotor blade or over an extended area in this direction.

Depending on which of the mentioned effects of the pas-
sively raising flap is of primary interest, the flap may be
arranged close to the blade tip or close to the rotor axis of the
horizontal rotor. It is also possible to provide several flaps at
the upper surface of the main body of the rotor blade which
are distributed in the longitudinal direction of the rotor blade.
As there may also be several flaps distributed in the direction
of the profile chord of the rotor blade at the upper surface of
the main body of the rotor blade, there may actually be an
array of flaps. These flaps may have different sizes and stift-
ness depending on their actual location on the rotor blade.

Now referring in greater detail to the drawings, FIG. 1
illustrates a horizontal rotor 1 of a helicopter or rotary wing
airplane which as such is not further depicted here. The hori-
zontal rotor 1 rotates in an approximately horizontal plane
about an approximately vertical rotor axis 3 and at the same
time moves horizontally forward at a velocity of 0.4 times the
velocity of the blade tips 4 of the rotor blades 5 of the hori-
zontal rotor 1 around the rotor axis 3. This results in different
blade velocities of the rotor blades 5 with respect to the
surrounding air which are indicated by vectors 6. The blade
velocity of the rotor blades 5 is particularly high on the
advancing side 7 on which the rotor blades 5 run forward in
the same direction as the entire helicopter moves forward. To
the contrary, the blade velocity of the rotor blades 5 is strongly
reduced on the retreating side 8 where the rotor blades run
backward with regard to the moving direction of the entire
helicopter. On this retreating side 8, there is even an area 9
close to the rotor axis 3 in which the blade velocity of the rotor
blades 5 is negative, i.e. in which the flow of the surrounding
air approaches the rotor blades 5 from their trailing edge 10
instead of their leading edge 12. To nevertheless achieve a
same lift distribution on the advancing side 7 and on the
retreating side 8 of the horizontal rotor 1, the angle of attack
of the rotor blades 5 has to be strongly varied over each
rotation about the rotor axis 3. This variation may cause
dynamic stall which is accompanied by an undesired creation
of'noise and excitation of vibrations due to the strongly vary-
ing lift of the rotor blades.

FIG. 2 illustrates a section through a rotor blade 5. Flaps 13
by which inter alia the dynamic stall can be shifted towards
higher angles of attack and thus higher forward flight veloci-
ties are provided at an upper surface 11 of a main body 15 of
the rotor blade 5. These flaps 13 are each mounted to the main
body 15 at their front end, i.e. at their end pointing towards the
leading edge 12, in such a way that they are swiveling about
a swivel axis 14. An elastic reset force acts against swiveling
the flaps 13 away from the main body 15 of the rotor blade,
which increases with increasing swivel angle and which
resets the flaps 13 into their positions at the surface of the
main body 15 when no other forces are present. This reset
force may, for example, be provided by mounting the flaps 13
to the main body 15 via solid body joints 16.

FIG. 3 illustrates a separation of a flow from the upper
surface 11 of the rotor blade 5 beginning in an area of the
trailing edge 10 of the rotor blade 5. A pressure difference is
created between the area of the separated flow 17 and the
upstream area of a still attached flow. This pressure difference
acts upon the middle flap 13 and raises it. The raised flap 13
delimits the area of the separated flow 17 in upstream direc-
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6

tion. At the upper surface of the flap 13, the flow 18 is still
attached. A quick propagation of the area of the separated
flow 17 in upstream direction is thus inhibited.

FIG. 4 illustrates a backflow 19 on the rotor blade 5 from its
trailing edge 10 as it occurs in the area 9 with backflow
according to FIG. 1. The backflow 19 raises the flaps 13 at the
upper surface 11 of the rotor blade 5. The forces F now acting
upon the flaps 13 and thus on the rotor blade 5 comprise both
a horizontal component Fh and a vertical component FA. The
horizontal component Fh equals a force component driving
the horizontal rotor 1 according to FIG. 1, while as the vertical
component FA represents an additional force component act-
ing in lift or ascending force direction particularly in that area
9 in which there is basically a lack of lift.

FIG. 5 illustrates a two dimensional distribution of several
flaps 13 over the upper surface 11 of the rotor blade 5. Several
flaps 13 are both provided in the direction of the profile chord
between the leading edge 12 and the trailing edge 10 and in a
radial or spanwise direction of the rotor blade 5.

According to FIG. 6 several flaps 13 are only provided in
the radial or spanwise direction of the rotor blade 5. Whereas
all flaps 13 depicted in FIG. 5 or FIG. 6 are equal, they may be
designed differently depending on their position on the upper
surface 11, i.e. particularly depending on their distance to the
vertical rotor axis of the horizontal rotor, and depending on
their distance to the leading edge 12 of the rotor blade 5 in
very different ways. Particularly they may be subject to very
different elastic reset forces resetting them into their basic
position at the upper surface 11.

Many variations and modifications may be made to the
preferred embodiments of the invention without departing
substantially from the spirit and principles of the invention.
All such modifications and variations are intended to be
included herein within the scope of the present invention, as
defined by the following claims.

I claim:

1. A driven horizontal rotor of a rotary-wing airplane com-
prising a rotor axis and a plurality of rotor blades rotating
about the rotor axis, the incidence angle of each of the rotor
blades increasing and decreasing over each rotation of the
respective rotor blade about the rotor axis, each of the rotor
blades comprising:

an elongated main body, the main body including:

a leading edge,

a trailing edge, and

an upper surface extending between the leading edge
and the trailing edge, and having a profile comprising
a curvature,

at least one flap,

having a front end and a rear end, and

mounted to the main body at its front end swiveling
about a swiveling axis running in parallel to the radial
axis of the rotor blade,

wherein the flap has a basic position in which it lies flat

against the upper surface of the main body such that the
flap follows the curvature of the profile of the upper
surface, wherein the flap is swivel mounted to the main
body in such a way that a reset force acts upon the flap,
wherein the flap is designed to be passively swiveled by
aerodynamic forces and inertial forces acting against the
reset force about its swivel axis to raise the upper surface
of the main body with increasing incidence angle of the
rotor blade, and wherein the reset force acts upon the flap
to reset it into its basic position.

2. The rotor blade of claim 1, wherein the flap is made of an
elastic material.
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3. The rotor blade of any of claim 1, wherein the flap is
mounted to the main body via a pivot joint.

4. The rotor blade of claim 3, wherein the joint is a solid
body joint.

5. The rotorblade of claim 1, wherein the flap, ina direction 5
of'a profile chord of the rotor blade, has a length of 10 to 30%
of the profile chord of the rotor blade.

6. The rotor blade of claim 5, wherein several flaps are
provided one behind the other in the direction of a profile
chord of the rotor blade at the upper surface of the main body. 10

7. The rotor blade of claim 1, wherein the flap, in a direction
of a longitudinal axis of the rotor blade, has a width of 5 to
30% of the length of the rotor blade.

8. The rotor blade of claim 7, wherein the flap is arranged
adjacent to the rotor axis of the horizontal rotor. 15
9. The rotor blade of claim 7, wherein the flap is arranged

adjacent to a blade tip of the rotor blade.

10. The rotor blade of claim 7, wherein several flaps are
provided at the upper surface of the main body, the flaps being
distributed in the radial direction of the rotor blade. 20

11. The rotor blade of claim 1, wherein several flaps are
provided at the upper surface of the main body in a two-
dimensional array both extending in a direction of a profile
chord of the rotor blade and in a direction of a longitudinal
axis of the rotor blade. 25

#* #* #* #* #*



